Evidence of spreading vasodilation in the human gingiva evoked by nitric oxide by Gánti, Bernadett et al.
J Periodont Res. 2019;54:499–505.	 	 wileyonlinelibrary.com/journal/jre	 | 	499
 
Received:	8	October	2018  |  Revised:	18	December	2018  |  Accepted:	1	February	2019
DOI:	10.1111/jre.12650
O R I G I N A L  A R T I C L E
Evidence of spreading vasodilation in the human gingiva 
evoked by nitric oxide
Bernadett Gánti |   Eszter Molnár |   Réka Fazekas |   Barbara Mikecs |   Zsolt Lohinai |   









Background and Objective: Spreading	vasodilation	is	an	important	means	of	increas-















ing	 regions,	with	apical	prominence.	Hyperaemia	 lasted	10-	14	minutes	 in	 the	 low-	
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1  | INTRODUCTION
Proper	 vascular	 supply	 is	 essential	 for	wound	 healing	 but	 blood	
supply	 is	 compromised	after	 flap	 surgery,	depending	on	 the	 flap	





















found	 in	 human	 gingival	 tissue,27,29-31	 but	 direct	 evidence	 of	 the	
contribution	of	NO	 to	 the	 regulation	of	human	GBF	has	not	been	
demonstrated	yet.
Until	 recently,	 only	 single-	point	 laser	 Doppler	 flowmetry	 was	
available	to	study	human	gingival	circulation,	which	 is	blind	to	any	
remote	 effects.	 Spatial	 resolution	 was	 enhanced	 by	 using	 a	 laser	
Doppler	imager32	to	assess	the	size	of	the	area	of	capsaicin-	evoked	
vasodilation.	 It	was	 found	 that	 this	 localized	 stimulus	 could	 affect	
the	gingiva	of	two	neighbouring	teeth	but	does	not	propagate	be-
yond	the	midline.
The	 laser	 speckle	 contrast	 imager	 (LSCI)	 is	 a	 more	 recent	 ad-
vancement	 in	microvascular	 imaging,	which	proved	to	be	useful	 in	
measuring	the	microcirculation	of	the	human	gingiva	with	high	spa-
tial	and	temporal	 resolution	simultaneously.33-35	Taking	the	oppor-
tunity	 provided	by	 the	high	 spatial	 resolution,	 a	 new	method	was	
designed	to	study	the	remote	effects	of	various	drugs	when	applied	
to	a	small	restricted	area	on	the	human	gingiva.	Our	aim	was	to	use	




Twenty	 volunteers	 (age	 range:	 21-	42	years)	 with	 a	 healthy	 peri-
odontium	 were	 involved	 in	 the	 study.	 Inclusion	 criteria	 were	
as	 follows:	 at	 least	 5	mm	 keratinized	 gingiva	 at	 the	 upper	 front	




approval	 was	 granted	 by	 the	 Hungarian	 National	 Public	 Health	
and	Medical	Officer	Service	 (20104/2017/EÜIG).	The	 study	was	
registered	 with	 ClinicalTrials.gov	 (NCT03605095).	 Each	 subject	
received	written	 information	 about	 any	possible	 risk	 and	details	
of	the	measurement.	Signed	informed	consent	was	obtained	from	
all	subjects.
Patients	 were	 asked	 not	 to	 brush	 their	 teeth,	 gargle,	 rinse	 or	
eat	and	drink	anything	 for	60	minutes	prior	 to	 the	measurements.	
Patients	 were	 restrained	 in	 a	 dental	 chair	 with	 the	 position	 of	
their	 neck	 and	 head	 fixed	 by	 a	 vacuum	 pillow	 (Spandex®,	 Hager	




gingiva	 at	 the	 upper	 left	 first	 incisor	 (tooth	 21	 following	 the	 FDI	





into	 the	well	and	 the	 investigated	area	was	videorecorded	via	a	
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At	 the	 beginning	 and	 at	 the	 end	 of	 the	measurement,	 gingiva	




monitor	 (Omron	M4,	Omron	Healthcare	 Inc.,	Kyoto,	 Japan)	on	the	
left	upper	arm.
Gingival	 blood	 flow	 was	 measured	 by	 LSCI	 (PeriCam	 PSI	 HR	
System,	Perimed	AB,	Stockholm,	Sweden).	The	measured	area	cov-
ered	 about	 2	×	3	cm	 and	 2	images/second	 were	 recorded.	 After	
15	minutes’	 stabilization	 of	 the	 circulation,	 baseline	 GBF	 was	 re-
corded	 for	 1	minute	 and	 then	 the	 solutions	 were	 applied	 into	




female)	 received	 3	μL	 8	mg/mL	 nitroglycerin	 solution	 (Nitromint®,	




Regions	of	 interests	 (ROIs)	were	defined	on	 the	LSCI	 intensity	
image	(Figure	1).	Five	regions	were	selected	at	both	sites	 (test	and	
control)	within	the	well	(“w”),	apical	to	the	well	(“a”),	coronal	to	the	
well	 (“c”),	mesial	 to	 the	well	 (“m”)	and	distal	 to	 the	well	 (“d”).	Time	
points	were	defined	before	the	application	of	drugs	(baseline),	 just	
after	 application	 (10	seconds)	 and	 at	 each	of	 the	 subsequent	min-
utes	through	the	14-	minute	observation	period.	 In	order	to	assess	
the	distance	of	spreading	vasodilation,	 further	ROIs	were	defined.	
Horizontal	 distances	 were	 2	mm	 for	 the	 “m,”	 4	mm	 for	 the	 “m1,”	
6	mm	for	the	“m2,”	8	mm	for	the	“m3”	and	10	mm	for	the	“m4”	ROI.
The	 thickness	 of	 the	 gingiva	 was	 measured	 by	 a	 PIROP® ul-
trasonic	 biometer	 (Echo-	Son,	 Puławy,	 Poland)	 with	 a	 small	 trans-





















the	 Nitromint	 group	 (from	 84	±	1.1	 to	 81	±	1.6	mm	Hg,	 P < 0.01),	
but	not	in	the	Nitro	POHL	group	(from	83	±	2.2	to	82	±	2.9	mm	Hg,	
P = 0.374).	 The	 temperature	 of	 the	 gingiva	 dropped	 slightly	 (Nitro	
POHL:	 from	34.4	±	0.35	 to	32.9	±	0.30°C,	P < 0.05	and	Nitromint:	






the	 whole	 investigation	 period	 (14	minutes),	 and	 for	 10	minutes	
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the	 “c,”	 “m”	 and	 “d”	 regions.	 The	 highest	 change	was	 observed	 at	
1-	minutes;	therefore,	this	peak	value	was	compared	across	the	re-










(Figure	S1).	 A	 gradually	 decreasing	 tendency	 of	 spreading	 vasodi-
lation	was	observed	in	the	“m2,”	“m3”	and	“m4”	regions,	but	these	
changes	were	not	significant.
Gingival	 thickness	 ranged	 from	 0.42	 to	 2.08	mm	 in	 the	 Nitro	
POHL	group	and	from	0.44	to	2.29	mm	in	the	Nitromint	group.	No	
correlation	was	found	between	baseline	GBF	and	gingival	thickness	
(r = −0.114,	P = 0.633).	No	correlation	was	found	between	peak	GBF	
and	gingival	thickness	either	(r = 0.394,	P = 0.086).
4  | DISCUSSION
The	 laser	 speckle	 contrast	 imager	 has	 a	 high	 spatial	 and	 temporal	
resolution	at	the	same	time,	and	it	is	a	non-	invasive	and	non-	contact	
method.	 These	 features	 allowed	 us	 to	 develop	 a	 new	method	 for	
investigating	 the	 local	 and	 remote	 effect	 of	 various	 drugs	 on	 the	
microcirculation	 of	 the	 human	 gingiva.	 However,	 there	 are	 some	
limitations	to	the	method.	The	maximum	area	that	could	be	captured	
was	only	approximately	3-	4	cm	wide	due	to	technical	reasons	(CPU	
and	FireWire	 speed	 limit).	The	direct	view	of	 the	 regions	of	 inter-








In	 some	 regions,	 there	was	a	 tendency	of	 reduction	 in	GBF	at	
the	control	site,	which	may	be	explained	by	the	slight	drop	 in	gin-
gival	 temperature	 and	 in	mean	 arterial	 blood	 pressure	 during	 the	
blood	 flow	 measurement.	 A	 slight	 drop	 (marginally	 significant)	 in	
blood	pressure	was	also	observed	in	another	LSCI	study	where	the	
patient	was	 in	 relaxed	 position	 for	 30-	40	minutes	 and	 no	 vasoac-
tive	 drug	was	 applied	 7	 suggesting	 that	 the	 observed	 decrease	 in	
blood	pressure	may	not	due	to	the	systemic	effect	of	Nitromint.	The	
drop	is	probably	caused	by	the	prolonged	relaxed	position	with	an	
open	mouth.	 This	 highlights	 the	 importance	 of	 recording	 changes	
in	blood	flow	at	a	 reference	site	simultaneously	with	 the	test	site,	
which	allows	us	 to	 control	 any	 systemic	 change	affecting	 the	oral	












Significant	difference	(P < 0.05 to P < 0.001)	between	“w”	and	other	regions	is	marked	by	&,	and	by	#	for	differences	between	“a”	and	other	
regions











nors	 caused	 rapid	 and	 notable	 vasodilation	 at	 the	 site	 of	 applica-

















































sodilation	 of	 collaterals—so-	called	 arteriogenesis—may	 account	 for	























504  |     GÁNTI eT al.
may	be	the	mesh-	like	property	of	gingival	vessels,	which	may	promote	
the	 stealing	 effect	 during	 the	 opening	 of	 multiple	 branches	 of	 the	






may	underestimate	 the	statistical	 significance	of	vasodilation	as	 the	





the	human	gingiva.	This	 study	was	 the	 first	 to	demonstrate	 the	di-
rect	effect	of	nitric	oxide	on	human	gingival	blood	flow	and	to	present	
evidence	 on	 the	 spreading	 of	 vasodilation	 prominently	 in	 an	 apical	
direction.
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